Objective: cardiovascular burden is considered a risk factor for the development of cognitive dysfunction and dementia. While this link is well established in the literature, implementing this work in primary care settings remains a challenge. The goal of this study is to examine the utility of the Hachinski Ischemic Scale (HIS) in identifying cognitive dysfunction and diagnosis of mild cognitive impairment (MCI) in an ethnically diverse sample. Methods: data were analysed on 517 participants (211 Mexican Americans and 306 non-Hispanic Whites) recruited from Project FRONTIER, a study of rural health. Neuropsychological measures were utilised to assess for cognitive functioning. Conclusion: HIS scores were related to cognitive functioning; however, these results differed by ethnicity. It is possible that these findings indicate that vascular factors may increase risk for MCI among non-Hispanic Whites but not for Mexican Americans. These findings are consistent with past research that suggests risk factors for MCI may differ by ethnicity.
Background
The population of the United States is rapidly ageing. Hispanic elders, of whom 70% are Mexican Americans, make up the fastest growing segment of this ageing population. By 2050, Hispanics over the age of 65 will triple [1] , and the rates of dementia, are expected to grow sixfold [2] . Previous research has suggested that Mexican Americans are diagnosed at more advanced stages of AD, and at younger ages than non-Hispanics [3] . Additionally, Mexican Americans experience higher levels of cardiovascular burden from conditions that are considered to be modifiable risk factors for AD [4] . Thus, the increased prevalence of diseases such as diabetes, obesity, hypertension and high cholesterol may put Mexican Americans at greater risk for developing dementia [5, 6] .
The relationship between cardiovascular risk factors and cognitive decline has been well documented. Research has repeatedly demonstrated that diabetics in particular are more likely to experience cognitive decline or develop dementia [7] [8] [9] . Studies on the association between hypertension and cognitive decline have shown an increased prevalence of impaired neurocognitive function in those with uncontrolled blood pressure [7, [9] [10] [11] [12] [13] . High cholesterol has also been shown to be predictive of the onset of cognitive decline in later life [9, 14] . Elders who were obese in middle-age were more likely to develop cognitive impairments [9, 15] . Mexican Americans are twice as likely to be diagnosed with diabetes as compared with non-Hispanic Whites, with more than a third considered obese. Furthermore, Hispanic women are 20% more likely to die of a stroke than non-Hispanic women [16] . Despite the fact that Mexican Americans have higher levels of cardiovascular burden, there is a dearth of literature examining the relationship between cardiovascular burden and cognitive dysfunction in this population.
In addition to the gap in literature, there is also a need for assessment tools that can be readily utilised in a primary care setting to identify individuals at risk for cognitive decline related to cardiovascular burden. The Hachinski Ischemic Scale (HIS) is a brief clinical tool that can be used to identify patients with vascular dementia [17] . A multitude of studies have demonstrated the validity of HIS in identifying vascular dementia [18] . However, little research has examined the correlation between HIS and measures of cognitive functioning. Paul and colleagues [19] found that HIS scores correlated with a decline in verbal learning in patients with evidence of cortical stroke. The primary goal of this study was to evaluate the relation between HIS and measures of cognition (global cognition, specific cognitive domains and executive functioning). Additionally, we wanted to examine the utility of the HIS in predicting a diagnosis of mild cognitive impairment (MCI). Little is known about the utility of the HIS in ethnically diverse samples [18] . One of the unique aspects of the current study is the use of the HIS in a community based, ethnically diverse (half Mexican American and half nonHispanic) sample. It was hypothesised that the HIS would prove to be a more predictive tool for diagnosing MCI in Mexican Americans as a result of the increased cardiovascular burden in this population.
Methods

Participants and procedures
A total of 517 participants (211 Mexican Americans and 306 non-Hispanic Whites) age 40 and above were recruited from Project FRONTIER, a study of rural health [20] . Project FRONTIER utilises a community-based participatory research (CBPR) approach. CBPR involves partnering communities with scientific groups to conduct studies of human disease. Prior work from this study has demonstrated the comparability of the recruited cohort to that of the eligible population [21] . Inclusion criteria were (i) age 40 and above and (ii) residing in one of the three counties included in the study.
All participants signed an informed consent document and the study is conducted under an Institutional Review Board approved protocol. Participants underwent an examination that included a medical evaluation (including the HIS), neuropsychological testing, blood draw and an interview according to a standardised protocol. Diagnosis for MCI was assigned according to standardised Mayo criteria [21] , which utilises both subjective cognitive complaints and objective cognitive assessments that support cognitive deficits above that seen within the normal ageing population. The Mayo criteria states that 'in general' patients diagnosed with MCI score −1.5 standard deviations below the mean on standardised testing. Our team has generated normative data for the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) for both English-and Spanish-speaking individuals (manuscript in preparation), and these norms were utilised for the Hispanic participants. The norms provided by the manual were utilised for non-Hispanic Whites. In order to ensure no ethnic biases towards MCI diagnoses were emerging, the cohort data were evaluated regularly with our recent work demonstrating that prevalence rates of MCI among our cohort were comparable between Hispanics and non-Hispanics [22] . Normal controls were those who performed within normal psychometric limits.
Materials Hachinski Ischemic Scale
HIS was originally developed to establish a relationship between cerebral blood flow and dementia. Patients scoring 7 or greater are classified as having 'multi-infarct dementia', and patients scoring ≤4 are classified as having 'primary degenerative dementia'. [17] Researchers have recognised the utility of the HIS as a tool to differentiate ischemic forms of dementia from AD cases. The HIS possesses good psychometric properties [18, 23] and has been shown to have strong inter-rater reliability [24] .
Mini Mental Status Exam
The Mini Mental Status Exam (MMSE) [25] was used to provide a brief assessment of global cognition. The MMSE is the most widely used cognitive screening tools and possesses good psychometric properties [26] .
Executive Interview
The Executive Interview (EXIT25) [27] is a well-validated global measure of executive control that covers a range of tasks including sequencing, fluency, analogous sentence repetition, thematic perception, automatic behaviours, go-no-go, and others. EXIT25 scores are significantly related with other validated measures of executive functioning [27] .
Repeatable Battery for the Assessment of Neuropsychological Status
RBANS [28] was used to assess cognitive functioning. It has extensive normative data [28] and yields good psychometric properties [29] . The results yield five subscales: immediate memory, visuospatial/constructional, language, attention and delayed memory [28] .
Results
Demographic characteristics of the sample can be found on Table 1 . Mexican American participants were roughly 55 years old and had an average of 7.5 years of education. The non-Hispanic White participants were 65 years old and had 13 years of education. Thirty-two of the Mexican American participants were diagnosed with MCI and 42 of the nonHispanic White. The medical diagnoses of the cohort were as follows: diabetes presence-non-Hispanic White = 22%, Mexican American = 40%; hypertension presencenon-Hispanic White = 58%, Mexican American = 59%; dyslipidaemia-non-Hispanic White = 63%, Mexican American = 57%; hypothyroidism-non-Hispanic White = 22%, Mexican American = 10%; tobacco dependencenon-Hispanic White = 11%, Mexican American = 11%; possible alcohol use problems-non-Hispanic White = 4%, Mexican American = 4%.
Regression analyses were conducted to examine the influence of HIS scores on several measures of cognition: MMSE, RBANS and EXIT25 (see Table 2 ). Age, education and language of administration were entered into the model as covariates. The results indicated that HIS scores were significantly related to MMSE for non-Hispanic Whites Table 3 ).
Logistic regression modelling was used to examine the utility of the HIS in predicting a diagnosis of MCI. Age, education, test language, gender and HIS scores were entered into the model. The results indicated that HIS scores successful predicted MCI status for non-Hispanic White participants only [odds ratio (OR) = 1.4; 95% confidence interval (CI) = 1.2-1.6, P = 0.01]. For Mexican Americans, HIS scores did not significantly predict a diagnosis of MCI (OR = 1.2; 95% CI = 0.96-1.4, P = 0.116).
Discussion
Cardiovascular burden is considered a risk factor for the development of cognitive dysfunction as well as for dementia, hypertension, diabetes, high cholesterol and obesity [7, 9, 10] . In the present study, the HIS score was significantly related to poorer global cognition among non-Hispanic Whites, but [22, 30] . Level of education may provide a protective factor, thereby the greater the educational obtainment the lower the probability for obtaining an MCI diagnosis once the sufficient level of education is attained. However, in our recent work, education was not significantly related to MCI diagnosis among Mexican Americans [22] . This may be due to the non-linear impact of education on cognition and the lack of a protective effect due to this ethnic group not reaching sufficient educational attainment to receive the protective benefit. As the HIS is the most commonly used screening tool of its kind, we sought to examine its role in predicting MCI. We hypothesised that the HIS would predict MCI diagnosis better among Mexican Americans than non-Hispanic Whites, due to the fact that Mexican Americans experience higher levels of cardiovascular/metabolic burden when compared with non-Hispanic Whites. In the present study, the HIS significantly predicted cognitive impairment for non-Hispanic Whites. However, the results did not support our hypothesis that the HIS would be a better predictor among Mexican Americans. This leads to the notion that vascular factors may play a more prominent role in MCI among non-Hispanic Whites while metabolic factors may play a more predominant role in MCI among Mexican Americans.
While cardiovascular and metabolic factors have been associated with MCI, results have not always been consistent [31, 32] [22, [33] [34] [35] [36] . In fact, this notion has been indirectly proposed by prior work has shown (i) diabetes and the metabolic syndrome to be more common among Mexican Americans and (ii) the suggestion by others that diabetes and metabolic factors (i.e. metabolic syndrome) may be a key driving factor for AD among this ethnic group [37, 38] . In our recent work, the presence/absence of metabolic factors showed a trend towards being a significant risk factor for MCI among Mexican Americans, but not among non-Hispanics, which was consistent across independent cohorts [22] . We previously proposed the notion of a metabolic endophenotype of Alzheimer's disease among Mexican Americans based on biological profiles [39] . In that study, the overall profile was heavily weighted towards metabolic markers as compared with our prior work showing a biological profile of AD among non-Hispanics that is largely weighted towards inflammatory and vascular factors [40] [41] [42] , which lead us to propose the notion of an inflammatory endophenotype of AD among non-Hispanic Whites [40, 43] . In fact, the top ranking serum biomarker in the AD profile among Mexican Americans was fatty acid-binding protein (FABP [50] . Therefore, when combined, our data suggest the notion of a vascular/ inflammatory endophenotype among non-Hispanic Whites [43] and have now provided evidence for a metabolic endophenotype of MCI/AD among Mexican Americans using clinical measures along with biological profiles.
The biomarker profile included markers related to inflammation, infection, protease inhibition, iron and oxygen binding and oxidative stress. This concept of a metabolic endophenotype among Mexican Americans is consistent with other biomarker work from our laboratory as a bloodbased biomarker profile of AD showed a preponderance of metabolic-related factors that was different from the non-Hispanic AD biomarker profile (O'Bryant et al. manuscripts under review for publication). Therefore, the current group is seeking to identify a metabolic endophenotype of cognitive dysfunction/MCI/AD that incorporates bloodbased biomarkers and clinical labs among Mexican Americans.
Detecting early stage cognitive decline can be difficult in primary care settings. Thus, the identification of quick cognitive screeners can greatly aid physicians in detecting patients that should be referred for in depth neuropsychological testing. The HIS is a commonly used diagnostic tool for vascular dementia; however, little is known regarding its utility in assessing cognitive functioning.
There are several limitations to the present study. First, the data are cross sectional, and the sample size is small and the results need cross-validation. There were also significant educational and age differences between non-Hispanic Whites and Mexican Americans. It is also noteworthy that if alpha correction were applied of <0.01, the findings among the non-Hispanic White cohort would remain significant, whereas no significant findings would be present for Mexican Americans. A follow-up study among an independent cohort, the HABLE study, is ongoing to cross-validate these findings. This study examined the link between HIS scores and detailed neuropsychological test scores and was the first to examine this question among Mexican Americans. These findings suggest that vascular factors may increase risk for MCI among non-Hispanics, whereas metabolic profiles may be more important among Mexican Americans.
Key points
• Cardiovascular burden is considered a risk factor for cognitive dysfunction and diagnoses of dementia (vascular and Alzheimer's disease).
• In this study, the HIS score significantly predicted cognitive impairment for non-Hispanic Whites.
• It is possible that these findings indicate that vascular factors may increase risk for MCI among non-Hispanic Whites but not for Mexican Americans.
• Ethnicity is an important variable when assessing risk for cognitive dysfunction.
